Little is known about the pathogenesis of MCL, especially with regard to the virulence of the parasites and the process of metastatic dissemination. We previously examined the functional relationship between cytoplasmic peroxiredoxin and metastatic phenotype using highly, infrequently, and nonmetastatic clones isolated from an L. (V.) guyanensis strain previously shown to be highly metastatic in golden hamsters. Distinct forms of cytoplasmic peroxiredoxin were identifie and found to be associated with the metastatic phenotype. We report here that peroxidase activity in the presence of hydrogen peroxide and infectivity differs between metastatic and nonmetastatic L. (V.) guyanensis clones. After hydrogen peroxide treatment or heat shock, peroxiredoxin was detected preferentially as dimers in metastatic L. (V.) guyanensis clones and in L. (V.) panamensis strains from patients with MCL, compared with nonmetastatic parasites. These data provide evidence that resistance to the firs microbicidal response of the host cell by Leishmania promastigotes is linked to peroxiredoxin conformation and may be relevant to intracellular survival and persistence, which are prerequisites for the development of metastatic disease.
is caused by the dissemination of the infection from the inoculation site [2, 3] . Both nasal and oral lesions are characterized by a severe inflammato y reaction. These sites are evidently colonized by the dissemination of infected macrophages via hematogenous and lymphatic routes in humans [4, 5] and in the golden hamster model [6, 7] . New lesions can appear several years after healing of the original cutaneous lesion, which may be triggered by trauma or inflammato y stimuli [3, 8] . The dissemination and consequent metastatic lesions lead to the disfigurin morbidity associated with MCL. The spectrum of the biological outcome of infection is influence not only by the host immune status but also by differences in parasite virulence [6, 9, 10] .
Previous work established heterogeneity among strains of L. (V.) panamensis and L. (V.) guyanensis with respect to their capacities to disseminate and to generate secondary metastatic lesions in the golden hamster model [6] . The subsequent isolation and characterization of several clones derived from a strain of L. (V.) guyanensis WHI/BR/78/M5313, which is highly metastatic in the hamster, revealed stable interclonal phenotypic differences. Although all of the derived clones induced primary cutaneous lesions, some disseminated from the initial lesion and exhibited different phenotypes in hamsters, which allowed the classificatio of clones into 2 groups: metastatic (M + ) and nonmetastatic (M Ϫ ) [11] . Thus, the reproducible expression of metastasis by discrete populations of Leishmania parasites in golden hamsters provided an experimental model for the identificatio of factors involved in the metastatic process. Recently, we used M + and M Ϫ clones (together with clinical isolates of L. Viannia species from mucocutaneous or cutaneous lesions) as tools for the identificatio of gene products associated with metastasis in Leishmania species from South and Central America [12] . Comparative proteome analyses using 2-dimensional electrophoresis (2-DE) coupled with peptide fin gerprinting, mass spectrometry (MS), and bioinformatics enabled the identificatio of differentially expressed proteins, including the cytoplasmic trypanosomatid peroxiredoxin (PXN), or tryparedoxin peroxidase. The association between phenotype and the differential expression of this protein was conserved in some but not all L. Viannia isolates from patients with MCL or cutaneous leishmaniasis [12] . Among trypanosomatids, PXN belongs to the 2-cysteine peroxiredoxin family (2-Cys PXN) and functions as the terminal peroxidase of a redox cascade that reduces hydroperoxides by NADPH [13] [14] [15] [16] [17] [18] [19] . 2-Cys PXNs require dimerization to exert their protective antioxidant role in cells through their peroxidase activity, whereby hydrogen peroxide (H 2 O 2 ), peroxinitrite, and a wide range of organic hydroperoxides are reduced and detoxifie [20] . Detoxificatio is necessary as a defense process against reactive oxygen intermediates such as H 2 O 2 , which are produced within 30 min of phagocytosis, and it therefore has essential protective functions for the infecting promastigotestage parasite. Detoxificatio is also necessary later on for survival of the intracellular stage (the amastigote), when reactive nitrogen intermediate species such as nitric oxide (NO) are produced after the activation of macrophages by the host immune system [21, 22] . Thus, PXN could play an important role in the initial stage of infection and in the survival of the parasite when it enters the macrophage as a promastigote and differentiates into an intracellular amastigote.
In the present work, we analyzed the resistance to reactive oxygen species (ROS) of L. (V.) Both copies encode members of the 2-Cys PXN, which are characterized by 2 highly conserved redox active-cysteine residues: the peroxidatic cysteine (Cys52) and the resolving cysteine (Cys173) present in the valine-cysteine-proline catalytic domains. An overall comparison of the LgPXN1 amino acid sequence with the LgPXN2 sequence for the predicted mature protein yielded an identity of 80% (figu e 1). The 2 PXN sequences share a high degree of similarity with other PXNs from diverse Leishmania species [13, [15] [16] [17] [18] [19] . Two groups of PXN sequences can be distinguished according to their carboxyl terminus. The firs group is shorter and consists of LgPXN1, LcPXN1, and LmjPXN1, whereas the second group consists of the longer PXNs belonging to LgPXN2, LcPXN2, and the L. major thiol-specifi antioxidant protein (LmjF15.1140TSA). In yeast, this C-terminal extension has been shown to be important for the regulation of PXN activity [23] . This means that there are 2 copies of PXN in L. (V.) guyanensis that share sequence homology with PXNs in other Leishmania species [13] . These copies do not differ in sequence between M + and M Ϫ parasites, which therefore excludes the possibility that the differences in PXN activity observed between the M + and M Ϫ phenotypes are at the primary amino acid sequence level.
Analysis of LgPXN expression in promastigotes.
Logarithmic to stationary-phase parasite extracts were separated on a 12% polyacrylamide gel under reducing and denaturing conditions. Immunoblot analysis was performed using a specifi anti-LgPXN2 antibody. In stationary-phase M Ϫ and M + promastigotes (figu e 2A), the anti-LgPXN2 antibody clearly detected 2 immunoreactive bands at ∼22 kDa, which correlates with the predicted molecular masses of 21.2 and 22.5 kDa for the LgPXN1 and LgPXN2 isoforms, respectively. Given that the protein patterns of PXN under reducing and denaturing conditions did not differ between M Ϫ and M + parasites and that PXNs are known to exist predominantly as active dimers in many organisms [24] , the expression of PXN was further investigated in nonreducing electrophoretic mobility assays. In figu e 2B, a diffuse band of ∼45 kDa corresponding to oxidized dimers of PXN and lower bands of ∼22 kDa corresponding to reduced monomers of PXN were seen throughout the life cycle of M Ϫ promastigote parasites (figu e 2B, lanes [1] [2] [3] . By contrast, for the M + clone, the monomeric form of PXN was detected in logarithmic-phase parasites (figu e 2B, lanes 4 and 5) but was barely detectable in stationary-phase parasites, where mostly the 45-kDa dimer was detected (figu e 2B, lane 6). The 1-3) , or clone 13 metastatic (M + ) (lanes 4-6) late logarithmicphase promastigotes was resuspended in sample buffer without reducing agents. Untreated parasite lysates (lanes 1 and 4) , 50 mmol/L H 2 O 2 -treated parasite lysates (lanes 2 and 5) , and lysates of parasites taken at the end of the enzymatic assay (lanes 3 and 6 ) are shown. Immunoblotting was performed as described in the figure 2 legend. Low-range molecular standards (in kilodaltons) (BioRad) were used. 2 ϫ 10 M + clone 13 parasites was incubated at 37؇C for 2 h, followed by incubation for 1 h in the presence of different concentrations of H 2 O 2. The reaction was stopped by addition of 10% fetal calf serum and 500 U of catalase. Viability was measured using the MTS reagent (CellTiter 96; Promega). Absorbance was read at 492 nm.
terferon (IFN)-g and lipopolysaccharide (LPS), relative to macrophages infected with M
Ϫ parasites (table 2) . This latter result relates to the increase in parasite load observed for M + parasites and supports the notion that M + parasites were more efficientl phagocytosed by the macrophage than were M Ϫ parasites and further supports there being a difference between M + and M Ϫ parasite behavior during the firs hours of infection. The parasite load was also compared at different time points after infection. More parasites could be detected in some experiments after 4 h of infection with M Ϫ parasites; however, the rate of infection was always lower for M Ϫ than for M + parasites after 24 h of infection (data not shown). Thus, although an enhancement of NO production was observed in macrophages infected by M + parasites, they nevertheless survived better than M Ϫ parasites in the host macrophages.
DISCUSSION
In the present article, we describe the presence of 2 cytoplasmic PXN copies of L. (V.) guyanensis. This is in agreement with previous reports of other Leishmania PXNs [13, [15] [16] [17] [18] [19] . Furthermore, the level of expression of these copies was similar between M + and M Ϫ parasites, which provides strong evidence that differences in PXN posttranslational modification or in the PXN protein conformation may be important in peroxidase activity, survival, and the distinct metastatic behavior of L. guyanensis parasites. Dimerization of the 2-Cys PXN is required for the detoxificatio of H 2 O 2 [29] . We have demonstrated, using an enzymatic assay measuring the oxidation of NADPH, that the reduction of H 2 a Macrophages infected with M Ϫ or M + parasites were stimulated with interferon-g (50 U/mL) plus lipopolysaccharide (10 ng/mL), and NO production was measured as the rate of NO 2 Ϫ release in 48-h supernatants, as determined using the Griess reaction [27] . Data are the mean ‫ע‬ SD of 3 assays.
of PXN isoforms were associated with the highly, infrequently, or nonmetastatic phenotype of L. (V.) guyanensis laboratory clones and in some L. (V.) panamensis clinical strains [12] .
At the molecular level, the increased susceptibility to monomer formation in M Ϫ parasites is likely due to the selective overoxidation of the active-site cysteine (Cys52) in PXN to cysteine sulfini acid (Cys-SO 2 H) during catalysis. As has been shown in other cases [31] [35, 36] .
In conclusion, the association of the metastatic phenotype with the dimerization of PXN is evident for laboratory clones studied in our model system, which supports the idea that PXN participates in the muiltifactorial process of metastasis. Furthermore, PXN activity may be exploitable for the early detection of metastasis and, thus, the prevention of metastatic manifestations.
